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INDEPENDENT

BY FACSIMILE

TheHonorableCarolM. Browner
Administrator
EnvironmentalProtectionAgency
401 M Street,S.W.
Washington,DC 20460

DearAdministratorBrowner:

I amwriting to requestthat theEnvironmentalProtectionAgency(EPA) evaluaterecent
researchon thefeasibility ofEPA’s 1997NationalAmbientAir Quality Standard(NAAQS) for
ozone,commonlyreferredto asthe“eight-hour” standard.

TheSupremeCourtrecentlyacceptedEPA’spetition to reviewEPA’s 1997NAAQS for
ozoneandparticulatematter. It alsoacceptedacross-petitionfrom industrylawyersto examine
whetherthe CleanAir Act (CAA) requiresEPAto ignoreall factorsotherthanthe healtheffects
of air pollutantswhensettingNAAQS. Mostprominentamongsuchfactorsarethecostand
feasibility ofcontrollingemissions.EPAestimatedthatthecostofmeetingtheNAAQS it issued
in 1997would amountto nearly$50billion in 2010. However,newresearchsuggeststhatthis
estimateis muchtoo low andthat theNAAQS aspromulgatedmay simplynotbe feasible.

Infeasiblemandatorystandardsseemto mecontraryto principlesofgoodgovernment.
CongressintendedtheCAA to be“technologyforcing,” i.e., to pressureregulatedsourcesto
developpollution controldevicesthatmight notat thetimeappearto be economicallyor
technologicallyfeasible.However,therearelimits to whateventhebestnewtechnologycan
accomplish.Overly-ambitiousmandatesthat requireStates,communities,andbusinessesto
spendbillions ofdollarsin pursuitoftheunattainableruntherisk ofunderminingrespectfor law
andfosteringmistrustoftheFederalGovernment.Moreover,standardsthatdeliver little or no
air quality improvementat greatcostmayactuallyharmpublic healthby suppressingeconomic
growthandby divertingattention,effort, andmoneyfrom moreserioushealth,safety,or
environmentalthreats.

Therefore,pursuantto theConstitutionandRulesX andXI ofthe UnitedStatesHouseof
Representatives,I requestthat EPA evaluatenewresearchon thecostandfeasibilityoftheeight-



I

hourstandardby addressingthequestionsin theenclosure. 1 requestthat EPA deliver its
responseto theSubcommitteemajority staffin B-377 RaybumHouseOffice Building andthe
Subcommitteeminority staffin B-350 RayburnHouseOffice Building by Friday,August25,
2000. If you haveany questionsaboutthis letter,pleasecontactSubcommitteeStaffDirector
MarIo Lewis at225-1962. Thankyou for your attentionto this request.

Sincerely,

DavidM. McIntosh
Chairman
Subcommitteeon NationalEconomicGrowth,

NaturalResources,andRegulatoryAffairs

Enclosures

cc: TheHonorableDanBurton
TheHonorableDennisKucinich
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Ql. DoestheEnvironmentalProtectionAgency(EPA) believethatNationalAmbient Air
Quality Standards(NAAQS), if shownto be infeasibleusingemissionscontrol
technologiesthatarecurrentlyavailableor expectedto beavailablein theforeseeable
future,shouldnonethelessbe promulgatedandenforced?

Q2. If EPAcurrently setsair standardswithout regardto costor feasibility, is there
anythingin thestandard-settingprocessthatwouldpreventEPA from promulgating
standardsthat cannotbeattainedusingemissionscontrol technologiesthatare
currentlyavailableorexpectedto be availablein theforeseeablefuture?

Q3. In an articlerecentlypublishedin EnvironmentalScience& Technology,Darrell
WinnerandGlen Cassdevelopanewairquality model for the“Los Angelesozone
problem,”whichtheyviewasa ‘prototype” for severephotochemicalsmogproblems
elsewhere.’ Theirexecutivesummarystatesthat “control oforganicvaporandoxides
ofnitrogenemissions canreducethe occurrenceofpeakone-hourozone
concentrationsabove0.12 partspermillion (PPM)to approximately“20 daysper
year.” (Note:suchfrequentoccurrenceof one-hourconcentrationsabove0.12PPM
would violate theexistingozonestandard.)Theresearchersalsoconcludethat,“even
atvery stringentlevelsofemissioncontrols,”southernCaliforniawould exceedthe
new1997ozonestandard(0.08partsPPM overaneight-houraveragingtime) “more
than60 daysperyear.”An implicationoftheCass-Wmnnerresearchis that“it maybe
physicallyimpossiblefor anairshedto attaincompliancewith thestandardsthathave
beensetbasedonpublic healthconsiderations”(p. 2617).

a. DoesEPAknowoftechnicalshortcomingsin theWinner-Cassresearchto
suggestthatit greatlyoverestimatestheemissionsreductionsnecessaryto
achievethe 1997standards?

b. TheWmnner-Cassstudyappearsto imply that, in southernCalifornia,the 1997
ozonestandardis infeasibleusingemissionscontroltechnologiesthatare
currentlyavailableorexpectedto beavailablein theforeseeablefuture. Does
EPA agree?

c. If not,pleaseoutlineaplanto implementthe 1997ozoneNAAQS in southern
Californiathatwould resultin attainmentin theforeseeablefuture.

Q4. Standardprocedurein regulatoryanalysisis to estimatethecostsandbenefitsoffull
compliancewith anewregulation. Full compliancewith the 1997 ozoneand

‘Darrell A. WinnerandGlenR. Cass,“Effect ofEmissionsControlon theLong-Term
FrequencyDistributionofRegionalOzoneConcentrations,”EnvironmentalScience&
Technologyl Vol. 34,No. 12,2000,pp. 2612-1617.



particulatematter(PM) standardswould requirethat all partsofthecountrymeetthe
standardregardlessofweatherconditions.

a. Despitedramaticimprovementsin air quality overthe last threedecades,
about92 million Americansstill residein 32 metropolitanareaswhere
pollution concentrationsexceedEPA’s 1979one-hourozonestandard.When
EPAissuedthe 1997NAAQS for PM andozone,did EPA performan
analysisofthelikelihoodthattheemissionsreductionsit modeledwould still
leavesomepartsofthecountryoutof compliancewith thosestandards?

b. Do thecostestimatesthatEPA developedin 1997reflecta setofemissions
controlssufficient to assurethat all areasofthecountrywill be in full
compliancewith the1997NAAQS? If not,whatexpectationsregardinglevels
ofnon-compliancedo thosecostestimatesreflect?

c. Would thecostsofemissioncontrolssufficientto bring all areasof the
countryinto attainmentwith theeight-hourozonestandardbegreaterthan
EPA’s 1997costestimates?If so,howmuchgreater?

5. In its 1997analysisofthecostsofmeetingthePM andozonestandards,EPA avoided
the conclusionthattheozonestandardwasinfeasibleby assumingthatany additional
emissionsreductionsneededto meetthestandardwouldbe availableata constant
costof$10,000perton. However,accordingto RandallLutteroftheAEI-Brookings
JointCenterfor RegulatoryStudiesprogram,EPA’s datasuggestthatthecostsof
reducingemissionsby onetonrise rapidlywith greateremissionsreductions.2By
extrapolatingthetrendsimplicit in EPA’s data,Lutterconcludedthatthecostsareso
highasto suggestthestandardwill neverbe met. By relaxingEPA’sassumptionthat
controlcostsarecappedat $10,000per ton,heestimatedthatthetotal costsof
meetingthestandardin justsevencitieswould reachabout$70 billion in 2010. In
Fresno,California, whereEPA estimatedemissionsmustbecutby morethan60
percentfrom projected2010 levels,Lutter calculatedthat thecostsof meetingthe
standardcouldreachmorethan$4.6trillion dollars.

a. HasEPA assessedhow its estimateofthecostsofthe 1997ozonestandard
would vary with alternativeassumptionsabouttheincrementalcostof
emissionsreductionsbeyondthosethat canbeachievedby identifiablecontrol
technologies?If so,pleaseprovideacopyof this analysis.

2 RandallLutter, “Is EPA’s OzoneStandardFeasible?”ABI-BrookingsJointCenterfor

RegulatoryStudies,RegulatoryAnalysis 99-6,December1999.
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b. Is the incrementalcostof reducingemissionsgenerallylikely to risewith
greateremissionsreductions,givenafixed setofemissioncontrol
technologies?

c. Would EPA needto reviseits costestimatesfor the 1997ozonestandardif
EPA wereto usetherelationshipbetweencostandemissionsreductionsfrom
identifiabletechnologiesasa basisfor extrapolatingthecostsofemissions
reductionsbeyondthoseachievableby identifiablecontroltechnologies?If
so,pleaseprovideEPA’s revisedestimatesof thecostsofmeetingthe 1997
standard

3
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Effect of EmissionsControl on the
Long-Term FrequencyDistribution of
Regional OzoneConcentrations
DARRELL A. WINNER AND
GLEN It. CASS
EnvironmentalEngineeringScience Department,
(7aI~fornia Instituteof Technology,Pasadena.California 91125

Photochemical airshed models that simulate the pollutant
transport and atmospheric chemical reaction processes
leading to ozone formation now can be exercised for years
at a time, permitting a thorough evaluation of the extent
to which urban and regional ozone concentrations can be
controlled. The Los Angeles ozone problem serves as a
prototype for severe photochemical smog problems
elsewhere. In southern California, the occurrence of peak
1-h average ozone concentrations above 0.12 ppm can
be reduced to approximately 20 days per year through
control of organic vapor and oxides of nitrogen emissions.
Calculations show that the number of days per year with
l~h average 03 concentrations above 0.12 ppm approaches
zero more quickly in response to controls than is the
case for the number of days with lower but more persistent
ozone concentrations; as a result, more than 60 days
per year will exceed the new U.S. Federal ozone standard
set in 1997 at a level of 0.08 ppm over an 8-h averaging
time, even at very stringent levels of emission control. The
days with the highest observed ozone concentrations
are not necessarily the hardest days to bring below the
air quality standards.

Iittrgductioii
Increasedozoneconcentrationsin the lower atmosphere
canadverselyaffecthumanhealthaswell asdamageforest
systems,reduce agricultural yields, and degrade sensitive
materials (1, 2). Forthesereasons, limits onozoneconcen-
trations havebeenset by governments around the world.
The ozone control program in the United States aloneentailed
annualizedcompliance costsof approximately $26.1 billion
peryear as of 1990(3). Yet in 1999,92.2 millionpeople in the
United States lived in the 32 metropolitan areaswhere
pollutant concentrations still exceeded the Federalozone
standard set at 0.12 ppm 03 not to be exceeded more than
1 day per year averaged over 3 years (4). An even larger
number of locations areout of compliance with the new U.S.
Federal air quality standard set in 1997 at 0.08 ppm O~ over
an 8-h averaging time calculated as the 3-year average of the
annual fourth-highest daily maximum. This newstandard
cannot be enforced atthistime dueto arecent court decision
in ATA us EPA, No. 97-l~1 (D.C. Cir, May 14, 1999).
Recalcitrant ozonecontrolproblemsalso exist in partsof
westernEurope,Greece,Mexico, Brazil,andotherdeveloping
countries.Clearly,thereis still much to be learnedabout
how to control regionalozoneconcentrations.

One key prerequisite to finding effective approaches to
meeting ozone air quality objectives is understanding the
relationship between the reactive organic gases (HOG) and
oxides of nitrogen (NOr) emissions that lead to ozone
formation. The effectofemission controls on ozone formation
can be represented quantitativelyusingozone isopleth lImes
of constant concentration) diagrams (5—3). In a traditional
graph ofthis type, thehorizontal axis represents theair basin-
wide percentage control of the anthropogenic emissions of
reactive organic gases, and the vertical axis represents the
air basin-widepercentage control of the emissions ofnitrogen
oxides. Contour lines connecting the many alternative HOG
and NO~ emissions pairs that could be used to reach the
same peak 1-h average ozone concentration on the day
studied are drawn at several ozone concentrations and over
all possible levels of ROG and NO1 emissions. Diagrams of
this typethat are drawn basedon smogchamber experiments.
analysis of ambient air qualitydata, orair quality modeling
studies usually show that ozone concentrations can be
reduced by starving theatmosphere for either ROG or NO~,
orboth.At relatively high HOG/NO1 ratios, ozone formation
is limitedby the availability of NO1 since there is an ample
supply of hydroperoxyl (HO2) and organic peroxy (HO2)
radicals toconvertnitric oxide (NO) to nitrogen dioxide (NO2);
the ratio of NO2 to NO and solar intensity determine the
resultingozone concentrations. Within this domain, lowering
NO1emissionswill result inlowerpealzozone concentrations.
At relatively low HOG/NO,, ratios, ozone formation is ROt?>
limitedsince radicals are scavenged by the highamounts of
NO,, present.WhenNO,,concentrations are lowered, more
of theradicalpoolcanreactwith HOGthereby promoting
additional radical formation resulting in higher ozone
concentrations.Within this regionof an ozoneisopleth
diagram, lowering ROG emissions alone or possibly even
increasingNO1 emissionscanresult inadecrease ofozone
concentrations. Historically,ozonecontrol effortsinsouthern
CalifomiahaveemphasizedreducingROG emissionssince
thetechnologywas initially lessexpensiveand morereadily
available,while in ruralareasof theeasternUnited States
with its relativelyhigherbiogenicorganicvapor emissions
from forestsNO1 controlmaybefavored (9).

Millions of piecesof emissions andmeteorologicaldata
canbe needed to describe the eventsleading to regional
ozoneformation for even a single day. Becauseof this
complexity,the almostuniversalpracticehas been tomodel
the effect of emission controls on atmosphericozone
concentrationsforoneor a fewhistorically observedhigh
ozoneeventswhenevaluatingproposed emission control
programs.Yet in theregionsurroundingLosAngelesin a
typical year more than 100 daysper year exceedthe new
Federal 8-h ozoneair qualitystandard;eachdaymust be
brought under control. For a secondaiy pollutant like ozone
that is formed in the atmosphereby nonlinear chemical
reactions that depend as much on pollutant precursor ratios
as on the amount emitted, it is not at all obvious that the
days with the highest observed concentrations historically
are the hardest ones to bring below the air quality standard.
A more thorough investigation of the overall response of the
atmosphere to various approaches that might be used to
lower regional ozone concentrations is needed.

Recently, methods have been demonstrated for modeling
the long-term frequency distribution of daily ozone con-
centrations using a chemically explicit Eulerian photochemi-
cal airshed model (10). The procedure involves automated
generation of the day-specific emissions inputs and meteo-
rologicalfleldsneededtodrive theGTphotochemlcalairshed

I ~i
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model (II. 12) for a period of 1 year or longer. Here we use
this modeling approach to examine how the frequency of
occurrence of days with 03 concentrations above specified

O ev Is 11 r pond to changes in HOG and NO,, emissions.
These findings a e cast into a format similar to ozoneisopleth
diagrams but where contours of constant air quality are
labeled according to thenumber ofdays per year with ozone
above a specified concentration at any selected combination
of air basin-wide ROG and NO,, emissions. Methods are
illustrated by application to the greater metropolitan Los
Angeles area, and scientific findings relevant to ozone control
in southern California are discussed. Since ozone airquality
control practices in many places around the world are
adapted from experiencegained in LosAngeles, these findings
have importance that extends beyond the local situation in
southern California.

Approach
Model Description. In the present work, the model for the
frequencydistribution of long-term average ozone concen-
trations developed by Winner and Cass (10) is used to
determine and display how the number of days per year
exceeding specified ozone concentrations responds as a
function of theair basin-wide level ofROG and NO,, control.
The technical vehicle for performing these calculations is
theCIT photochemical airshed model (11,12). ThisEulerian
phorochemical model numerically solves the atmospheric
diffusion equation:

+ V(i~c~) — V(KVCL) + R~ +

a:
(1)

wherec, is the ensemble mean concentrationof species i, fl
is the mean wind velocity atlocation i at time t, Kis the eddy
diffusivity tensor, 1?, is the chemical reaction rate of speciesS i that depends on the pollutant species c1 ... C,, and on the
temperature T, and S, is the elevated source emission rate
of species i at location i at time t.

A no-flux boundary condition is applied at the top of the
modeling region. The boundary condition at the earth’s
surface requires that the upward flux ofeach chemical species
equals the ground-level emissions minus the dry deposition
flux:

(2)

where K,,,, is the vertical eddy diffusivity, E1 is the ground-
level emission flux of species i, and is the deposition
velocity for speciesi.

TheversionoftheCIT airshed modelusedhereemploys
a reviseddrydeposition module basedon surface resistance
values (13) and an extendedversionof the LCC chemical
mechanism(14). The LCC chemicalmechanism represents
organicgasemissions througheight lumped organicspecies
classes: C4+ alkanes,ethene, C3+ alkenes, monoalkyl
berizenes,di- and trialkyl benzenes, formaldehyde, C2+
aldehydes,and ketones.The LCC mechanismhas been
extended by Harley et at (11) to explicitly include the
chemistryof methane, methanol, ethanol, methyl tert-butyl
ether (MTBE), isoprene,hydrogenperoxide, and sulfur
dioxide. Thisextendedmechanism contains35 differential
specIes, 10 steady-state species, and107 chemical reactions.

ClTAlrshed ModelPerformanceEvaluatlon.A year-long
simulationof historical conditionsduringthecalendaryear
1987 hasdemonstrated that it is possible to successfully model
ozoneconcentrationsIn southern Californiausing routinely
measuredair quality and meteorologicaldata (10). The year
1987 is chosenas an historical baselineboth because
extensive researchhas beenperformedto improve the

emissions inventocy for that year and because that year
contains meteorological conditions that serve as the basis
for the proposed 1997 implementation plan for air quality
improvement in the Los Angeles area, When supplied with
the best estimates of pollutant emissions in the southern
California modeling region shown in Figure 1 with motor
vehicle emissions scaled upward to match the 1987 Van Nuys
Tunnel study (11, 15, 16) and calculated according to daily
temperature variations, the model predicts I -h average 03
concentrations for the entire year 1987 that display +15%
normalized bias and an average station peak prediction
accuracy of + 14%. The region- de peak 03 concent ation
for each day is on average 7% above theobserved value over
the entire year. For 8-h average 03 concentrations for the
entire year 1987, the model simulations display a +26%
normalized bias and an average station peak prediction
accuracy of 14%. The predictions for 03 precursors show a
normalized bias of +23% for total NO2; daily HOG data are
unavailable but when such data are available for a few days
during the Southern California Air Quality Study (SCAQS)
episodes that year, model performance for lumped(and even
individual) HOG is favorable (12, 16’). These quantitative
measures of airshed model performance over the course of
the year-long simulation of historical conditions are com-
parable to those normallyobtained from simulations of2 or
3 days using hand-crafted meteorological inputs based on
expensive special field measurement programs (10).

Emission Inventory. The baseline 1987 southern Cali-
fornia emissions inventoryfor the present study is the same
as for the baseline model evaluation study of Winner and
Cass (10). To minimize the effect of upwind boundary
conditions on03 concenlrationpredictions in the t.osAngeles
area, themodeling region used for the present study is greatly
extended when compared to previous studies, as shown in
Figure 1. San Diego and Santa Barbara counties are now
appended to the modeling region along with large areas of
the Pacific Ocean. The emissions inventory is based on the
1987 emission inventory developed for theSouth Coast Air
Basin (SoCAB) and adjacent areas (Los Angeles, Orange,
Riverside, San Bernardino, and Ventura Counties) by the
California Air Resources Board (GARB) plus separate emis-
sions inventories for San Diego and Santa Barbara Counties
that have been adjusted to 1987 conditions. In the present
study, emission data for motor vehicles are employed that
both reflect the effect of hourly changes in ambient tem-
perature on emissions and are scaled upward to match the
emission rates measured for on-road operation of the
southernCalifornia vehiclefleetduringtheVan NuysHighway
Tunnel study (ii, 1$, 16). Motor vehicle emissions for the
SoCAB as a function of timeand location throughout 1987
are computed using the Caltrans model DTIM2 (1?) in
conjunction with motor vehicle emission factors from the
CARB motor vehicle emission factor program (EMFAC7F)
and the hourly, day-specific surface temperature fields. At
theconclusion ofthis process, the emissions over theentire
450 km by 225 km grid of 5 km by 5 km cells coveting the
areamapped inFigure 1 total 2924 tda~~ HOGas compared
to 2304 t day’ HOG for thesmaller modeling region used
previously by Harley et at (11; the above comparison is for
the temperatures ofAugust 28,1987). Speciation of the HOG
emissions within the model follows the revised source
composition profiles previously compiled by Harley et al.
(18).

Scale factors adapted from the seasonally resolved bia-
genic emissions inventory for the South Coast Air Basin
reportedbyBenjaminetat (19)areusedto modifythesCAQs
August 1987 biogenic hydrocarbon inventory. The scale
factors are 0.30, 0.63, 1.00, and OAO respectively for winter
(January—March), spring (April—June), summer (July—
October 10), and fall (October li—December). Note that
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Computational Region Boundary --—----—- South Coast AirBasin Boundary

County Boundary

FIGURE 1. Southern California, showing the computational region for the air quality model, the legal boundaries of the South Coast Air
Basin that forms the air quality control region for Los Angeles. and the county boundaries.

October 1—10, 1987, was a period of high ozone concentra-
tions and temperatures. The summer scale factor is used for
this period.

The total base case ROG emissions within the modeling
domain of Figure 1 for the 22 highest emission days of the
year 1987 ranged from 3527 to 2986 t day’. The ROG
emissions at a vety high level of control with only 15% of
base case anthropogenic ROG plus all biogenic emissions
remaining, ranged from 635 to 515 t day’ for the same 22
days.These highest emission days occur as early in theyear
as April 15 and as late as October 5.

Meteorological Input Fields. Input datafields describing
temperature, humidity, solar radiation, mixing depth, and
windspeed and direction are the same as utilized in thebase
case model evaluation study (10). These fields are generated
from historical observations using a second-degree poly-
nomial fittingprocedure with an r2weighting scheme (20).
The 3-Dwind fields are generated using an objective analysis
program(21) thatcombines horizontal winds aloft measured
dailyatsix sites up to 150Gmabove ground level withsurface-
level horizontalwinds measured hourly at 70 sites. The
vertical winds are computed from continuityconsiderations
by the objective analysis program. The mixingdepth fields
are calculated hourly according to Holzworth~s (22)method
from theinterpolated surface-level air temperature field plus
the air temperatureversus altitude data from the upper air
soundings.

Boundaryand InitialConditions. To capture thepossible
effect of emission controls both inside and outside the
modeling region on alternative ROG and NO~ control
strategies, an interpolation scheme was developed that sets
initial conditions as well as boundary conditions along all
edges of the model and at all elevations by interpolation
betweenthehistorically measured conditions (10)and Pacific
Ocean clean air conditions (23) in proportion to the amount
of emission control that is applied within the modeling
domain. In effect, this simulation assumes that adjacent

jurisdictions reduce their emissions by approximately the
same amount as the reductions that occur within the
modelingregion. NO,, species (NO,N0

1J boundaryand initial
conditions are interpolated in proportion to the percentage
change in NO~ emissions. ROGspecies boundary and initial
conditions are interpolated in proportion to thepercentage
change in anthropogenic ROG emissions. Ozone boundary
and initial conditions are interpolated in proportion to the
average of the percentage NO,, and anthropogenic ROG
controLThus, at 100% of 1987 actual emissionlevels for NO,,
and ROG (no control), the boundaryand initial conditions
are set at the historically observed levels while at 5% of the
historical anthropogenic emission levels for NO,, and ROG
(maximum control studied), the boundary and initialcondi-
tions approach but do not quite reach the Pacific Ocean
cleanair values.

Isopleth Diagram Generation TechnIque. A massively
parallel supercomputer is used to simulate the effect of 64
different combinations of NO,, and ROG emission levels on
hourly ozone concentrations in southern California for the
calendaryear 1987 meteorologicalconditions, andthe results
are contoured to create diagrams that display the number
ofdays above specified ozone concentrations at all levels of
emissions controL The emissions levels studiedform amatrix
ofall pairwise combinations of 0, 15,30,45, 60,75,85, and
95% ROG and NO,, controL Twoweeks of CPU time using 64
nodes ofa CrayT3E-600 computer are employed to generate
these 64 year-long calculations that involve 23 680 days of
simulation when the model startup period is considered.

Results
The CIT photochemical airshedmodel just described is run
continuouslyfor meteorologicalconditions that matchevery
hour ofcalendaryear 1987 over themodelingregionofFigure
1. The ability ofthis simulation to reproduce the time series
of 1-and 8-h average 03concentrations for every hour ofthe

umi Easting (lrri)
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FIGURE 2. Isopleth diagrams showing the predicted number of days that equal or exceed the concentration level of the 1-h (panels a
and c) and 8-h (panels b and d) ozone standards as a function of basin-wide anthropo~enic ROG and NO. emission reductions in southern
California that are stated as a percentage of 1987 baseline emissions remaining after control. Panelsa and b are based on predicted peak
concentrations anywhere within the SoCAB; panels c and d are based on values predicted at SoCAB air monitoring sites.

year is discussed briefly in the CIT Airshed Model Perfor-
mance Evaluation section of this paper and is illustrated in
detail in ref 10. The model is then renm for each of the 64
different combinations of ROG and NO,, emission control
described above (see Figure 3 of ref 23). These percentage
reductions are applied macross-the-board” to all anthropo-
genic sources in the entire modeling region. The relative
spatial distribution of anthropogenic emissions is not
changed. The results of this simulation are summarized in
Figures 2 and 3.

In Figure 2, thecontours represent the number of days
per year withozoneconcentrations that equal orexceed the
level of the 1- or 8-h U.S. Federal 03 standards (0.125 and
0.085 ppm cutoffs, respectively,using the U.S. EPA’s rounding
conventions) atwidely varying levels ofanthropogenic ROG
and NO,, control.The form of the8-h standard involves the
3-year averageoftheannual fourth-highest daily maximum.
Thus, assuming that 1987 represents an average year,
violation of the standard corresponds to 4 days with 03
concentrations greater than or equal to 0.085 ppm. In Figure
3, the contours show how the second-highest 1-h average 03
concentration lppbJ and the fourth-highest 8-h average 03
concentration for the entire year respond to ROG and NO1
emissions reductions. The upper pair of Figures 2 and 3
(panels a and b) ineachcase is basedon the03 concentration
predictions that occur anywhere within the boundaries of
the SoCAB (see Figure 1) while the lower pair of Figures 2

and 3 (panels cand d) isbased only on those 03 concentration
values that are predicted at the exact locations of the 34
ozone monitors in the SoCAB in 1987 (see ref 10 for moni-
toring site locations). The upper right corner of each plot
represents historical 1987 emissions. The numberofdays in
violation of the1-h 03 standard in 1987 is predicted to be 181
as compared to 172 such days actually observed; 249 days
are predicted to exceed the concentration level of the 8-h 03
standard as compared to 216 days actually observed.

Compliance with the 1-h Federal standard for 03 is not
predictedto beattained at any combinationofanthropogenic
emissions reductionsstudied. However, much improvement
can be madewhen it is comparedto the Federal 1-h standard.
Moving across the top of panels c and d in Figure 2, we see
that 60% ROG control (i.e., 40% of baseline ROG emissions
remaining) with no furtherNO1 control relative to base case
conditions would produce between 40 and 60 days per year
with predicted 1-h average 03 at monitoring sites greater
than orequal to 0.125 ppm accompanied by about 120 days
per year with predicted 8-h average 03 at monitoring sites
greater than or equal to 0.085 ppm. At 85% ROG control with
no further NO,, control, fewer than 20 days per year would
be predicted to equal or exceed 0.125 ppm 03 over a 1-h
averaging time at SoCAB monitoringsites, but thenumber
of days per year withpredicted 8-h average 03 at orabove
0.085 ppmnever falls below60 days peryear anywherewithin
the range of the emissions control combinations studied. At
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FIGURE 3. lsopleth diagrams showing the response of the predicted second-highest 1-h (panels a and c) and fourth-highest 8-h (panels
b and dl average ozone concentrations for 1981 to alternative levels of basin-wide anthropogenic BOG and NO,, emissions In southern
California remaining after control. Panels a and b are based on concentrations anywhere within the SoCAB; panels c and d are based
on values predicted at SoCAB air monitoring sites.

least some NO,,control is needed to abate the high particulate
nitrate concentrations in the southernCalifornia atmosphere
(24,25). As NO,,emissionsare reduced at high levels of ROG
control,the ozone control problem becomesmore difficult.
For example, 85% control of anthropogenic ROG and 45%
NO1 control are predicted to reduce the frequencyofviolation
of the Federal 1-h average 03 standard at SoCAB air
monitoring sites to 20 days per year under 1987 meteoro-
logical conditions, incontrast. 103days peryear arepredicted
to equal or exceed the level of the new Federal 8-h ozone
standard at SoCAB monitoring sites at that same at high
level of ROG and NO1 control. Even at very high levels of
control, enough anthropogenic emissions remain to increase
the8-h average 0~ concentration within the SoCAB to 0.085
ppm orgreater on many days per year whencombined with
biogenic emissions and thepollutant inflows present in the
background air entering the air basin from upwind.

Another keyresult ofthis analysis isthat the days that are
most difficult to control are not necessarily the days that
producedthe highest peakozone concentrations under 1987
historical conditions. At high levels of both HOG and NO,,
control, the hardest days to bring below the 03 standard
often are those with thehighest ROG emissions, which vary
according to daily temperature conditions as discussed
earlier. Higher than average temperaturesover thewestem
part of the SoCAB (e.g., Los Angeles and Orange Counties)
that increase HOG emissions in the area with the highest

density ofemissions sources (i.e., highest traffic density) may
be more important than peak temperatures inland. While
the highest observed 1-h average ozone concentrations
occurred in September and the highest 8-h average ozone
concentrations occurred inJuly 1987, the hardest episodes
to bring below the air quality standards through emissions
control occurred over the October 2—6 period and possibly
alsoover the April 20—23 period.All 20 days predicted to still
exceed the1-h 03standard at85% RHCand 45% NO,,control
were correctly predicted to exceed that standard during the
base case historical year 1987 simulation. For the 103 days
predicted to exceed the level of the 8-h 03 standard at 85%
RHC and 45% NO,,control, 80 days were correctly predicted
to exceed the level of the standard during the base case
historical year 1987 simulation.

Figure 4 shows the predicted shift in the frequency of
occurrenceofpeak8-h average 03concentrations as emission
controls are applied. The 8-h average 03 concentrations
experienced on thehighest concentration days of the year
fall much more rapidly than the mid to low values due in
part to the presence of ozone at a concentration of ap-
proximately 40 ppb in thebackground air advected into the
region. These results are consistent with the analysis of
measured ozonetrends conductedby Lefohn et at (26) that
show that siteswith thehighest daily maximum 8-h average
concentrations willrespond toemission controls with a faster
decrease in 8-h average ozone concentrations than is the
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case at sites where the highest 8-h average concentration for
the year is just above the 0.08 ppm level ofthe new standard.

Discussion
A method has been developed and demonstrated in which
a photochemical airshed model driven by automated as-
similation ofroutinelymeasured meteorological data can be
usedto predict how the frequency of occurrence of daily
maximum 1- and 8-h average03 concentrations will shift in
response to widelyvarying levels of emissions control. The
simulations accurately predict the initial compliance status
ofthe days that are predicted to remain above theair quality
standards even with the most stringent emissions controls.
Analysis showed that a program of stringent ROG and NO,,
controls could reduce the frequency of occurrence of
measured violations of the U.S. Federal 1-h average 03
standard insouthern California to perhaps 20—25 days per
year.The same calculationsshowed that the level ofthenewly
established 8-h average U.S. Federal 03 standard will be
exceeded more than 60 days per year, insome cases as high
as 80—100 days per year, under 1987 meteorological condi-
tions even at the most stringent levels of emission control
considered here. This raises important public policy ques-
tions, as the U.S. Clean Air Act does not anticipate that it
may be physically impossible for an airshed to attain
compliance with thestandards that have been set based on
public health considerations.

It was found that the days with the highest measured 03
concentrations in the Los Angeles area are not necessarily
the days that are most difficult to bring below the national
ambient airqualitystandards for 03.This argues further that
the process leading to the selection of an appropriate level
of emission control for an air basin needs to consider
conditions observed on more than a fewhistorical dayswith
the highest measured concentrations. Methods developed
in the present study provide a way to examine and display
results for essentially all days of the year when testing
emission control strategy performance.
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ExecutiveSummary

TheEnvironmentalProtectionAgency’sestimateof thecostof meetingthenew
health-basedozonestandardis likely to underestimatesubstantiallytheactualcost.
EPA’scostestimatesunrealisticallyassumethatpollutioncontrolcostsarecappedat
$10,000per ton.Yet therequiredemissionreductionsin somecities exceedtotalmotor
vehicleemissions.

By droppingEPA’s assumptionthat controlcostsareconstant,I showthat
meetingthestandardin 2010would costnearly$5 trillion in onecity, and$70 billion in
sevenothercities.ThesecostestimatesexceedEPA’s estimatesof$10billion peryearby
ordersofmagnitude.I alsofind thatthe incrementalcostsofcontrolarelikely to far
exceedany estimatesofincrementalbenefits.

Thehigh costofmeetingtheozonestandardstronglysuggeststhatit is likely to
be infeasiblein severalcities. To avoidhavingEPAsetsuchinfeasiblestandards,
CongressshouldamendtheCleanAir Act to requiretheagencyto balancethebenefits
andcostsofregulation.



Is EPA’sOzoneStandardFeasible?

Randallbitter

Environmentalistsoften contendthat statutesshould allow or requireregulatory

agenciesto issue rules to protect the environmentwithout regard to the cost of such

protection.’ They have arguedthis point so successfullythat regulatory agenciesand

courtshaveinterpretedstatutoryprovisionsthat aresilent on therole of costto prohibit

considerationof cost in regulatory decisions.Thesestatutesincludethe actestablishing

Superfund,2the CleanWater Act, and the ResourceConservationand RecoveryAct.

Perhapsthe most notable such statute is the Clean Air Act, which directs the

EnvironmentalProtectionAgency (EPA) to set air quality standardsto “protect public

health” with an “adequatemargin of safety”.3 EPA andthe courtshaveinterpretedthis

languageto preventanyconsiderationofcost.4

The neglect of cost in regulatory decision-makinghas given some key policy

debatesan Alice-in-Wonderlandquality. In the caseof the 1997 air quality standards,

EPA Administrator Carol Browner rejected any considerationof cost until their

implementation,5althoughthereappearsto be little flexibility at implementationbecause

the CleanAir Act establishesspecificdeadlinesby which complianceis mandatory.6This

rejectionwas particularly important for the ozonestandard,which EPA estimatedhad

annualcostsbillions of dollars greaterthan likely benefits.7Thestatutoryprohibition on

consideringcosts thus providesa legal rationale for a policy position that otherwise

would be bizarre.

There is widespreadmisunderstandingof the cost of EPA’s 1997 air quality

standardsdespitetheattentionto the standards.8EPA’s estimateof $48 billion peryearis

‘See, for example, Browner (1997), “Costs of meeting the standards and related f~ctors have never been
considered in setting the national ambient air quality standards themselves...I continue to believe that this is
entirely apprOpflate.”
2 The Comprehensive Environmental Response, Compensation and Liability Act of 1980.
~See Clean Air Act, Public Law 101-549,1970; 42 United States Code 7409.
~See EPA (1997a) for a discussion of earlier court cases. See also American Trucking v. EPA, 175 F.3d
1027 (DC Cir 1999). See Lutter and DeMuth (1999) for a discussion ofAmerican Trucking.
~See Browner (1997).
6 See, however, Melnick (1990).
‘See EPA (1997b).
‘See, for example, Wald (1999), Sunstein (1999), and Bentley arid HaITher (1998). In May 1999, the U.S.
Court of Appeals for the District of Columbia Circuit blocked the standardsbased in part on a finding that
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basedon an assumptionthat emissionsreductionsamountingto 80 percentof the total
9

costcanbeachievedat a constantrateof $10,000per ton. But this assumptionlacksany
empirical basis. More importantly, it violates the principle of diminishing retums.

Therefore EPA’s cost estimatesare likely to be too low by an amount that Shogren

dubbedthe“lost triangle”.’0

Misunderstandingofthecostofthestandardsresultsfrom boththeneglectofcost

in regulatorydecision-makingand EPA’s campaignto persuadethepublic that the rules

are reasonable.Since thestandardsare health-based,costestimatesareirrelevantduring

judicial review, and actual and potential litigants have not examined them. Public

commentersdid not examineEPA’s cost estimatesbecauseEPA publishedestimatesof

the cost of attaining the standardsonly after the deadline for public commentshad

passed.’~Finally, analystsand advocatesalike have seenlittle need to reassessthe

estimatesbecauseEPA’s estimatesalready imply that the standardsare the most costly

regulatoryinitiative ofthedecade.

Such misunderstandingshould be expected; independentanalysts are often

skepticalof agencyestimatesof the costs and benefitsof their regulations.’2Agency

estimatesare generallynot subjectto scientific peer-reviewor to judicial review. No

governmentbody independentof the executivebranch reviews agency estimatesof

regulatory costs and benefits.’3 Moreover, agencies’prospectivecost estimatesrarely

coincidewith retrospectiveestimatesofthe effectsofregulatory~

Yet the reliability of agencyestimatesof regulatory costs (and benefits) is

Important, becausereliableestimatesare necessaryto satisfy the public’s right to know

the expectedeffectsof regulatory actions. Agency estimatesof regulatory costs and

benefitsare typically the only official governmentestimatesand thus are the basis of

they represented an unconstitutional delegation of power. In October it rejected a request for an en bane
hearing. EPA Administrator Carol Browner has said that she will seek an appeal and the Supreme Court
may hear the case. See Lutter and DeMuth (1999).
~See EPA (199Th, ES-12 and ES-13). These and other values are in 1990 dollars. Values expressed in 1998
dollars would be about 24 percent higher.
10 See Shogren (1998). Of course, EPA disagrees. It writes “the $10,000 cost estimate for these reductions
is intended to provide ample margin to account for unknown factors associated with future projects, and
may tend to overestimate the final costs of attainment” (emphasis added), EPA (1997b,p. ES-9).
“See EPA (1996a) and (1997b).
12 See Lave (1996).
‘~ See Lutter (1999).
‘~ See Harrington,Morgenstern,and Nelson (1999), and Lutter (1999).
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recentefforts to satisfythe public’s right to know.The UnfundedMandatesAct of 1996

requiresregulatoryagenciesto estimateand reportthecostsof their regulatorydecisions.

In addition,Congresshasdirectedthe Office of ManagementandBudgetto reporton the

costs and benefits of federal regulations, and its reports use agencyestimate5.15If

unreliable cost estimatesmisinform the public about the merit of regulatoryprograms,

thesereformefforts will be ineffective.’6

In this paper I reassessthe expectedcosts of EPA’s 1997 ozonestandardby

relaxing EPA’s assumptionthat sufficientemissionsreductionswill be availableat a cost

of $10,000per ton and reinterpretingthe cost curvesimplicit in EPA’s analysis.’7I find

that attainmentof the standardis infeasiblein one city, and that costsin othercities in

2010areaboutseventimesgreaterthanEPA’s nationalestimates,evenafterallowing for

technologicalprogress.I also showthat thecostof meetingthe standardis not likely to

fall over time—increasinglevelsof economicactivity will dominatecost declinesdriven

by technologicalprogress.Thus, in cities where attainmentis feasiblebut expensive,it

maynotbe sustainable.Finally, I assessa setofemissioncontrolmeasuresthat is broader

than those consideredby EPA and includestaxes and fees on motor vehicle useand

traffic congestion.I show that suchimplementationstrategieswould lower the cost of

meetingtheozonestandard,but thatthecostwould still exceedEPA’s estimates.

The next sectionof this paperpresentsan analysisof EPA’s data. This analysis

includesillustrationsofcost curvesfor Los Angeles,costestimatesfor eightmetropolitan

areas,and estimatesof the rate of changeof cost over time. The subsequentsection

discussesmarket-basedimplementationmeasures.The final sectionexplores broader

policy implications.

“ See Office of Management and Budget (1998). See also Hahn(1999) and Hopkins (1991).
16 See Urdan (1999), for a discussion of recent legislative efforts to assign to theGeneral Accounting Office

responsibility for conducting benefit cost analysis of federal regulations. See also Lutter (1999) for a
discussion of the merit of such ideas.
‘~ I go beyond Shogren (1998) who did not providean estimate of the sizeof the lost triangle, but limit my
analysis to ozone. For particulate matter, an assessment of the importance of EPA’s assumption that
necessary emissions reductions would cost no more than $10,000 I ton is complicated because EPA’s
analytic approach is different than for ozone and involves other assumptions as well.
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Analysis

The single biggestdifficulty in estimatingcost is the needto extrapolatebeyond

the rangeof availabledata—aproblemidentical to one encounteredin assessingthe risk

from environmentalhazards.In assessingenvironmentalrisks,suchasthose from ozone

andparticulatematter,toxicologistsand epidemiologiststypically estimatean association

betweenthe risk of diseaseor injury andexposureto a hazard,at somelevelofexposure.

They then extrapolatethis associationto estimaterisk at much lower dosesor levelsof

exposure. Of course, the extrapolation makes such estimates controversial.’8 In

estimatingthecostof meetingtheozonestandard,I relateestimatesofcostand emissions

reductionsfor engineering-basedcontrol measuresidentified by EPA. These measures

canachieveonly a fraction of theemissionsreductionsneededto attain thestandardin

cities with seriousair quality problems. Estimatesof the cost of the standardmust

thereforeinvolve extrapolationsof cost curveswell beyondthe rangeof availabledata.

Thusestimatesof thecost of theozonestandardaresubjectto the sameconcernsabout

thevalidity ofextrapolationasapply to low-doserisk ~

In estimatingthecostof meetingEPA’s air quality standard,I takefor grantedall

aspectsof EPA’s analysiswith two exceptions.First, I relax its assumptionthat the cost

of reducing emissionsis cappedat $10,000 per ton. Second,I allow explicitly for

technological change and addressuncertainties in future technological change by

allowing for differentratesofdeclinein marginalabatementcost.

EPA’s estimates may be too low because they exclude indirect costs—a

deficiencynot addressedby this analysis.Indirect costsoccur becauseefforts to remedy

environmental problems can exacerbate distortions caused by pre-existing taxes.

Economicresearchby Goulderand others indicatesthat indirect costscan be a large

percentageof direct costs and may exceedthem.20If estimatesof indirectcosts were

addedto the direct costs,the estimatedtotal cost of meetingEPA’s standardwould be

significantlyhigherthantheestimatespresentedhere.

‘~ See, for example, Ames and Gold (1996) and Hendee (1996).

~ Of course there are other sources of uncertainty. The baseline from which emissions are reduced is

uncertain because of uncertainties in future levels of economic activity and in the effectiveness of pending
regulations to limit emissions. The emissions corresponding to attainment of the air quality standards are
uncertain because the relation between emissions and air quality is relatively poorly understood.
20 See Goulder, Parry, and Burtraw (1997). and Goulder and Williams (1999).
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An Illustrahon:LosAngeles

I illustrate the analysisusing EPA datafrom Los Angeles,Riversideand Orange

counties,theareawith perhapsthe most severeozonepollution in thecountry. Ozoneis

theproductofchemicalreactionsinvolving sunlightandtwo setsof “precursors”,volatile

organiccompounds(VOCs) and nitrogenoxides(NO~). Sincetherearedifferent control

technologiesfor eachprecursor,I presentcost information for eachseparately.2’(She

figures 1 and2.)

EPA’s data include cost and emissions reductionsfor a set of engineering
2measuresto reduceemissions.2 If thesemeasuresarerankedby theirannualcostper ton

of emissionsreductions,theyresemblea cost curve.In figure 1, I presentEPA’s dataon

the cost of controlling VOCs and a marginal cost curve fitted to these points. The

baselinefor theemissionsreductionsin figure 1 is a scenariofor 2010in which economic

growth lifts emissionsbeyondcurrent levels,but more stringentcontrol measureslimit

emissions.Emissionsreductionsaremeasuredin tonsperdayduring theozoneseason.

I estimatethe marginalcostcurveby assumingthat the relationshipbetween(the

log of) marginalcostand (the log of) emissionsreductionsis quadratic.The fixed effect

regressionunderlyingthis curve,presentedin table 1, allows the slopesandthe intercepts

of the marginalcostfunctions to vary acrossthedifferent metropolitanareas.As shown

in table I, almost all the coefficients in the cost functions are highly statistically

significantandhavetheexpectedsign?’~

The total cost of meeting the new standardis the areaunder the marginalcost

curvebetweentwo levelsof emissions.Thefirst level correspondsto compliancewith the

old 1 hour standardthat was issuedin 1979, and the secondlevel reflectsattainmentof

the 8 hourstandardissuedin 1997. It is not clearfrom EPA’s analysisthat theselevelsof

21 Onecontrol measure, a transportation control measure listed as “highway vehicles, gasoline”, reduces 1.

tons per day of VOCs and 2 tons per day of NO
1 at a cost of 6.8 million dollars per year. As there is no

simple way to incorporate measures with joint products into this analysis, I delete this measure from the
scatterplots when estimating the cost functions, but calculate the emission reductions needed to meet the
standardafter netting out theemissions reductions achieved by this control measure.
22 The data are in an Excel tileCase I i.xls available in the EPA docket.
~ The data used in the regressions are for a subset of the cities analyzed by EPA. The subset includes all
cities for which the cost of meeting the standard is likely to be high. In particular, I select cities if the
necessaiy emissions reductions beyond the identified measures are at least 100 tons per day for VOCs and
NO1 combined and the reductions for each pollutant are greater than zero.
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emissions correspondto the least-cost way of meetingthe standard.24In particular,

reducingNO~ emissionsa little bit more andVOCs emissionsa bit less may reducethe

total cost of meetingthe air quality standard.In the absenceof informationabout such

tradeoffs,I useEPA’s estimatesof thenecessaryemissionsreductions.A recentscientific

study indicates that this assumptionis too optimistic; EPA’s estimatesof emissions

reductionsnecessaryto meetthestandardarein fact too low.25

Ratherthan using a similar approach,EPA insteadestimatedcost by assuming

that emissionsreductionsare availableat $10,000 per annualton per year,or about$4

million perozoneseasondaily ton. Figure 1 presentsa graphicaldepictionofEPA’s cost

estimatesasa rectangle.26Thetotal costof reducingVOC emissionsto meetthe 8 hour

ozonestandardin Los Angeles in 2010, from a baselineof attainmentof the 1 hour

standard,is about$340million peryear,accordingto EPA.

For NOR, two estimatesof the marginal cost of reducing emissionsappearin

figure 2. Curve a is themarginalcostderivedfrom a total costregressionthat is cubic in

the log of emissionsreductions.”Curve b, derivedas for VOCs, is from the regression

that appearsin table 1. Interestingly,curve b appearsnot to fit the most expensivedata

points. Curve a, which appearsto fit the Los Angelesdatabetterthan cost curve b,

implies costin 2010 of about$0.1 septillion for Los Angeles. Similar curves,however,

do not fit data for othercities aswell asthe marginalcost functions that I chooseto

emphasize.EPA estimatedthe cost of reducingNO~ in Los Angelesto be only $580

million peryear,anamountthatis much lessthanthe areaundereithercostcurvea orb.

The cost curves presentedin figures 1 and 2 do not take into account the

technological change expectedto occur before 2010—something that is obviously

24 See EPA (199Th).
25 See Winner and Cass (2000).
26 Since EPA did notestimate the costs of attaining the standards for each metropolitan area, Iderive EPA’s

cost estimates from the reductions in tons of emissions per day during the ozone season necessary to attain
the 8 hour standard, adjusted to annual tons based on relationships between the daily emissions reductions
and the annual emissions reductions of the control measures EPA identified, and EPA’s assumed cost of
$10,000 per annual ton reduced. Excel File Caseli.xls, provided by EPA, indicates that the ozone season
days per year implicit in the emissions estimates is 410 forNO

1 and 329 for VOCs.
27 The regression equation for NO1 emissions controls for Los Angeles is
total cost =311 + 230er—54.6er

1+4.36er3

(16.2) (11.7) (2.82) (0.225)
where er denotes emissions reductions, both total cost and emissions reductions are transformed into
natural logarithms, and the standard errors appear in parentheses.
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difficult to forecast. Technologicalchangeamong the identified technologiesmay be

thoughtof assimilar to the technologicalprogressin manufacturedgoods.Researchand

development,learning-by-doingand humancapital improvementswill lower the cost of

implementing theseidentified technologies,but the magnitudeof such cost declines is

hard to anticipate.Estimatingthe costof implementingunideniWedemissionsreductions

is even harder. When will researchregardingthesenew technologiesbe completed?

When will they be developed,marketedand adoptedby industry, or mandated by

regulators?What will be their cost and effectivenesswhenfirst adopted?Thereareno

easyanswersto thesequestions.

For simplicity, I accounthere for future technologicalchangeby estimatingthe

rateofdeclinein thecostof emissioncontrolsbasedon thesetof newtechnologieslisted

by EPA in its regulatoryanalysis.Thearithmeticmeanoftheaverageratesof annualcost

declineobservedamongthetechnologiescited by EPA is 7.7 percent.28An annualrateof

changeof 7.7 percentimplies that cost in 2010, thirteenyearsafter EPA’s analysiswas

completed,would be about37 percentof its 1997 value.This estimateoverstateslikely

technologicalprogress,however,becauseit reflectscostdeclinesonly in successfulnew

technologies.Somenewtechnologies,suchasnuclearpowergeneration,areadoptedbut

then turn out to be morecostly thanoriginally anticipated.To accountfor suchfailures

amongnew technologiesI use 5 percentas anaveragerateof costdecline.In this case

costwould equal52 percentof theiroriginal valuesby 2010. Thecostof meetingEPA’s

ozonestandardin Los Angelesin 2010,basedon ratesofdeclinein abatementcostof7.7

percentand5 percentis $8.1 billion and$11.5billion respectively.

How greatwould technologicalprogressneedto be in order for EPA’s estimates

of costto be correct?Thecostof abatingemissionswould haveto fall by 27 percentper

yearfrom 1997 to 2010 for EPA’s costestimatesto be correct.This is an extraordinarily

andimplausiblyhigh rateoftechnologicalprogress.

Estimatesfor Other Cities

For othercities the cost estimatesareabout$4700billion in 2010, assumingthat

technologicalprogressbetween1997and2010will lower costby approximatelyhalf(see

2S This estimate reflects only retrospective estimates ofcost declines.
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table 2.) All but $71 billion of the annualcost occurs in Fresno,California, whereEPA

estimatesthat NO~ and VOCs must becut by morethan 60 percentfrom baselinelevels.

But evenignoring the cost in Fresno, thecost estimatesfor the sevenothercities—after

netting out improvementsdue to technologicalprogress—areseventimes greaterthan

EPA’s cost estimate.For the New York City nonattainmentarea, the total cost of

attaining the 8 hour standard,after technologicalprogress,is $2.9 billion per year.For

Washington-Baltimore,however, the expectedcost is $7.4 billion per year, and for the

San Franciscoareathecostis $24 billion peryear.

The true range of uncertaintyabout thesecost estimatesis quite large. The

estimatesare fairly sensitiveto alternativeassumptionsaboutthe form of therelationship

between cost and emissions reductions, because they necessarily involve large

extrapolationsbeyond the rangeof availabledata.Regressionsnot reportedheretend,

however,to give similar qualitativeconclusions:costsare astronomicalin a couplecities

andgenerallymanytimes greaterthanEPA’s estimates.29

The broadconclusion—thatthe standardin somecities is too expensiveto be

met—is not surprisinggiven that emissionsreductionsneededto meet it arevery large

relative to thoseavailable using identified measures.Table 3 shows estimatesof the

necessaryemissionsreductions,beyondthe reductionsfrom controls identified by EPA,

as a percentof baselineemissions.Six cities require very large emissionsreductions

beyondthoseachievedby theidentifiedmeasures:thereductionsamountto morethan40

percentof baselineemissions.In addition,all eight cities requireemissionsreductionsat

leastfour times greaterthanthe reductionsfrom measuresidentified by EPA. For two

cities, necessaryreductionsaremorethantentimesgreaterthanthoseidentifiedby EPA.

29 Total cost functions that are quadratic in (the log of) emissions reductions implied that annual costs for

two cities exceeded SI trillion per year, for another city the cost exceeded $350 billion. The total cost for
theremaining five cities I assessed was $19 billion per year. These estimates assume no technical progress.
The regressions, however,havemore coefficientsthat are statistically insignificant than the marginalcost
functions presented here.
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ChangesOverTi,ne

EPA suggeststhat technologicalprogressmaylower compliancecostover time.30

But economicgrowthincreasesthe emissionsreductionsnecessaryto meet thestandard.

Identifying thenetchangein costover time is thusan unresolvedempiricalquestion.

Therateof changeof total cost, asshownin theappendix,is a weightedaverage

of therateofchangeof thecost ofcontrollingVOCs and therateof changeofthecost of

controlling NOR, where the weights are the share of total cost associatedwith each

pollutant.Therateofchangeof thetotal cost,TC, of controllingeachpollutant,gTc, can

in tum be estimatedas

r ~R TC(R) _ 88 TC(B) ‘~(1) g~ p+gJ 1~jR TC)/L (BTC)/L 3

wherep is theannualrateof declinein costasa resultof technologicalprogress,gj~ is the

growthrateof laissez-faireemissions,and ~R and ~B aretheelasticitiesof total costwith

respectto emissionsreductionsevaluatedat emissionsreductionssufficient to meet the

new standard,R, and to meetthe old standard,B, respectively.ThevariablesTC(R) and

TC(B) arethe total costsof achievingemissionsreductionsR and B from a baselineof

zero reductions,and TC is the total cost of meetingthe standardfrom a baselineof

attainmentoftheold standard.

What do we know aboutthe valuesof the parametersthat determinethe rateof

growthoftotal cost?As describedabove,agoodestimateoftherateofdeclinein cost is

5 percentper year.The rateofgrowth in uncontrolledemissions,gL, is hard to estimate

empirically in a regulatedworld but it is relatedto the rateof growth in real economic

activity. Over the period from 1980 to 1997, GDP hasgrown at about 2.7 percent

annually.3’ About a third of emissionscomes,however,from the useof motor vehicles,

which grows at the rateof about2 percentper year.32Thusa good estimateof g~ is a

weightedaverageof motor vehicleand other emissions,where the weightsreflect the

sharesoftotal emissions.Thisweightedaverageis about2.5percent.

~ See EPA (1997a).
31 See Council of Economic Advisers (1999, Table B.2).
32 See EPA (199Th).
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The variables ~~ and ~~ canbe derived from the cost curvespresentedin table

~ For Los Angeles,theelasticitiesfor NO~ are 4.4, while for VOCs, ~B and ~Rare3.3

and3.2 respectively.

Using theseestimates,andthe valuesof B, R, andL implicit in figures 1 and 2,

implies that thecostof controllingNOx (to the level of the newozonestandard)grows 15

percentper year,while the cost of meetingthe VOC standard(to the level of the new

ozonestandard)growsat 3 percentperyear.~ Thecostof meetingtheozonestandardin

Los Angeles thereforewill grow at a weightedaverageof thesetwo estimates,or 12

percentperyear,after2010.

The rateoftechnologicalprogresswill haveto be 20 percentperyearin orderfor

thecostof meetingthestandardin Los Angelesto fall after2010,basedon thepreceding

estimatesandequation(1). Suchtechnologicalprogressappearsextremelyunlikely.

Rapidgrowth in the cost of meetingthe ozonestandarddoesnot imply that the

presentvaluecost of attaining the standardin perpetuityis infinite. That would be the

caseif annualcostcontinuedto rise by more than the discountrate. But rising control

costwould eventuallycurtail economicgrowth.35 Indeed,rising costssuggestthat cities

that areableto attain thestandardin 2010 may laterfind that attainmentis too costly to

befeasible.

Improved ImplementationStrategies

The precedingcost estimates,like EPA’s own estimates,ignorecontrol measures

basedon behavioral changes—suchas gasolinetaxes and carpool programs—which

some analystsbelieve can substantiallyreducethe cost of meetingEPA’s air quality

standard.36In fact, while suchstrategiesmay be much more efficient than someof the

controlmeasuresanalyzedabove,theydonot alterthebasicconclusionsofthis paper.

“ Theuseofthis baseline, whichmay differ from theconceptuallycorrect baseline, imparts no clear biasto
the results. Equation (1) uses a laissez-faire baseline, while the cost curves presented in figures la and lb
use a baseline of full-compliance with technology based requirements oftheClean Air Act. The uncertainty
associated with identifying laissez-faire emissions in a regulated world makes the conceptually correct
baseline unworkable.
~ For NO,~, B and L and Rare 318, 1048 and 460 respectively. For VOCs, the values are 526, 1064, and
628 respectively.
“ See Ag~ion and Howitt (1998).
36 See EPA (1999).
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A study sponsoredby the stale of California reports that emissionscontrol

measuresbasedon relatively small behavioralchangescan be a cost-effectivemeansof

reducing local air pollutants (see table 4). Congestionpricing, for example, lowers

congestionand greenhousegas emissionsin addition to reducing local air pollution,

without an obvious effect on automobileaccidents.37Sincetraffic delaysare very costly,

a reduction in themwould offer largebenefitsthat would likely offset othercostsof such

policies.38

But the low-cost emissions reductions resulting from such innovative

implementationstrategiesare small comparedwith the reductionsneededto attain the

ozonestandard.The California report indicatesthat congestionfeesabovethe levels in

table 4 might not be economicallyjustified.39 A $0.50 per gallon gasolinetax would

achieveonly a 4 percentreductionin NO~ emissionsfrom motorvehicles;but evenwith

a taxof$2.00pergallon thereductionin motorvehicleemissionsis only 12 percent.40

In fact, the complete elimination of emissionsfrom motor vehicles appears

insufficient to attain the standardin 2010in someplaces.In Los Angeles,for example,

the necessaryemissionscuts beyondthe measuresidentified by EPA are 33 percentfor

VOCs, but only 20 percentof VOCs comefrom motor vehicles.4’ In SanFrancisco,the

NO~ emissionsdeficits is 45 percent,but motor vehiclescontributeonly 43 percentof

baselineNO~emissions.42

Conclusion

EPA’s estimateof thecostof its ozonestandardis muchtoo low. In onecity the

cost is more than a trillion dollarsper yearwhile in sevenothersthe costs total $70

billion peryear,or aboutseventimesEPA’sestimate.Attainmentof thestandardappears

infeasibleby 2010.

~ With less congestion average vehicle speeds rise, but it is unclear whether this would increase or
decrease the social cost of vehicle accidents.
~ See Edlin (1999) and Calfee and Winston (1998).
~ See the California Air Resources Board (1996, Table 7.6).
~ Ibid. Table 7.8.
4! See California Air Resources Board (1999). Emissions projections for 2010 from CARB are not identical
to EPA’s 2010 emissions forecasts. Thus GARB’s estimates of the percent of total emissions that come
from motor vehicles may be different than EPA’s estimates; however, EPA’s estimates of emissions from
different sources are not publicly available.
42 Ibid.
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Attainment costsare likely to rise in yearsbeyond 2010. Costswill rise because

progress in new control technologieswill be outweighed by increasesin bascline

emissionsresulting from economicgrowth. Thus attainmentof the ozonestandardmay

later becomeinfeasiblein citieswheremectingit in 2010 is simply very expensive.

The basic conclusionthat the standardis infeasible is insensitiveto changesin

analyticmethods.Of course,costestimatesbasedon extrapolationsfar beyondthe range

of available dataare very uncertain.But in two cities attainmentof the standardwill

requireemissionsreductionsmore than ten times greaterthancan be achievedby the

emissioncontrol measuresidentified by EPA. In addition, the completeelimination of

motorvehicleemissionswould notensureattainmentofthestandardin somecities.

This conclusionshould be distinguishedfrom similar conclusionsbasedon new

scientific information.43This analysisindicatesthat EPA knew or should have known

that the standardwas infeasibleat the time it was issued. While infeasible standards

alwaysposeproblemsofpublic policy, suchproblemsareespeciallyacutewhenagencies

issueinfeasiblestandardsandhidetheinfeasibility from thepublic.

Realistically, costswill neverreachthe trillions or evenhundredsof billions of

dollars per year implied by this analysis. Instead the managersof EPA’s clean air

programsandrepresentativesof Stateswill find newflexibility to avoidattainmentofthe

ozone standard.For example,under the Clean Air Act, the State of California has

responsibility for developing State implementationplans that EPA approvesand for

enforcing emissionslimits on polluters that contribute to violations of air quality

standards.If theannualcostfor ametropolitanareaindeedreachedthetensof billions or

more,affectedStateswould simply getextensionsand waivers from EPA, Congressand

thecourts.

Nevertheless,efforts to attainthe ozonestandardcan still leadto coststhat are

excessiverelative to the health and environmentalbenefits.EPA gave an upperbound

estimateof thenationalbenefitsof theozonerule of$8.5 billion per year,44but estimates

of benefitsconsistentwith the healtheffectsestimatedin the risk assessmentblessedby

EPA’s Clean Air Scientific Advisory Council are hundredsof millions of dollars at

~ See, forexample, Winner and Cass (2000).
“See EPA (199Th, ES-16).
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best,45Thesebenefitsestimatesimply that a very generousupperbound for the benefits

of controlling ozone is $10,000 per ton, and a more plausible value is a very small

fraction of this estimate.46The upwardslopeto the marginalcostcurvesin figures 1 and

2 indicatesthat the last incrementof emissionscontrolsto reduceozoneis likely to have

costshundredsor thousandsoftimes greaterthananyestimateofprojectedbenefits.

With respectto regulatory issuesmore broadly, the ability of EPA to present

erroneousestimatesof the costof a rule asimportantas its ozonestandardshould shed

light on the merit of some regulatoryreform initiatives that arepopularin Washington.

Initiatives that seekto increasethe importanceof agencies’estimatesof the costof their

own regulations,without first ensuringthe reliability of suchestimates,cancontributeto

thepublic’smisperceptions.

Finally, this analysisindicatesa newneedfor cost to be consideredin settingair

quality standards.After all, adoptingstandardsmore stringentthan is feasibledoesnot

improve children’s health or the environment.Such standardsdo not provide health

benefitsany greaterthan less stringent ones,and the existenceof infeasiblemandatory

standardsmay contribute to distrust of governmentalinstitutions. In addition, thereis

little sensein setting standardsthat would cost many times more than the value of the

benefits.To ensurea frank discussionof the tradeoffsimplicit in majorpolicy decisions,

Congressshouldamendthe CleanAir Act to directEPA to considercostsin settingair

quality standards.In particular, it shoulddirectCongressto balancecostsandbenefitsin

controllingair pollution.

~ See EPA (1996a).
~ See Lutter and Wolz (1997) and Lutter and DeMuth (1999) for an argument that reductions in ozone
increase human exposure to harmful ultraviolet radiation by so much that the expected health
improvementsmay be nil.
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The MarginalCostofReducing

Figure 1

VOC Emissionsin Los Angelesin 2010
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Figure2

The MarginalCostof ReducingNO~ Emissionsin Los Angelesin 2010
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Note: Thescatterplotexcludescontrolswhich reduceboth NO~and~1OCsandcontrolswhichhavezerocostaccordingto theEPA. The area
describedasLosAngelesincludesRiverside,OrangeandLosAngelescounties. Emissionsreductionsarefrom EPA’s baselineof 1048 tons perday.
A costperdaily tonof$4million is equivalentto acostperannualton ofabout$10,000. Thebenefitsofcontrollingozonearemuchlessthan$4
million perdaily ton.
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Table I
MarginalCostRegressionsfor Eight MetropolitanAreas

Variables Volatile Organic
Compounds

NitrogenOxides

Square of Emissions Reductions 0.116
(.0432)

.0651
(.0257)

Bakersfield,CA Intercept 10.6
(.338)

-15.0
4.98)

EmissionsReductions 1.35 7.79
(1.41)(.169)

Fresno/Visalia-Tulare,CA Intercept 10.6
(.336)

.716
(2.89)

EmissionsReductions 1.01
(.175)

5.38
(1.28)

Los Angeles-Riverside-Orange Intercept 7.43 .362
(.829) (2.03)

EmissionsReductions .865
(.336)

2.67
(.498)

New York City-NewJersey-
LongIsland

Intercept 7.98
(.799)

12.5
293

EmissionsReductions .406
(.362)

.264
.0734

Philadelphia-Wilmington-
Atlantic City

Intercept 8.39
(.503)

12.9
.329

EmissionsReductions .713
(.269)

.354

.757
Sacramento-YOIO,CA Intercept 10.4

(.332)
14.0
.364

EmissionsReductions 1.38
(.189)

1.06
(.208)

SanFrancisco/Modesto/
Stockton-Lodi

Intercept 9.13
(.486)

4.48
(1.52)

EmissionsReductions .827
(.265)

2.41
(.468)

Washington-Baltimore Intercept 8.14
(.575)

12.7
(.279)

EmissionsReductions .855
(.291)

.697
(.153)

1(2 0.9984 0.9979
Numberof Observations 121 101

Note: Thetablepresentscoefficientsandstandarderrorsin parentheses.Controlmeasuresthat reduce
bothVOC and NOR, and measureswith zerocostareexcludedfrom theregressions.All variablesare in
naturallogarithms.
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Table2
CostsofMeetingtheOzoneStandardin SelectedMetropolitanAreasin 2010

Billions of 1990Dollars

Annual Technological
Progress

5 Percent 7.7 Percent

Area Cost of Meeting
VOCTarget

Cost of Meeting
NO~Target

Total Cost of
Meeting the 8
Hour Ozone

Standard

TotalCostof
Meetingthe8
Hour Ozone

Standard

Bakersfield,CA 5.3 15 20 14
Fresno-Visalia-Tulare,CA 1.6 4700 4700 3300

Los Angeles-Riverside-
Orange

2.4 9.1 12 8.1

NewYork-New Jersey-
LongIsland

0.97 1.9 2.9 2.0

Philadelphia-Wilmington-
Atlantic City

0.68 0.69 1.4 0.96

Sacramento-Yolo,CA 0.71 2.8 3.5 2.5
SanFrancisco-Modesto-

Stockton-Lodi
1.3 23 24 17

Washington-Baltimore 2.2 5.2 7.4 52
Total ExcludingFresno 14 57 69 50

Total 15 4700 4700 3300

Note: Thesecitiesareall thosein EPA’s datasetwith combinedVOC andNO~deficits greaterthan100
tons perdayandnon-zerodeficits for eachpollutant.
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Table 3
Meeting EPA’s OzoneStandardRequiresVery LargeEmissionsCuts

SelectedCities
Reductionsin 2010to Meetthe 8

Hour StandardBeyondthe
Identified MeasuresI Baseline

Emissions(percent)

Reductionsin 2010to Meet
the8 Hour Standard/

Reductionsfrom Identified
Measures

VOCs NO~ VOCs NO~
Bakersfield,CA 59 32 13 2.3

Fresno-Visalia-Tulare,CA 61 62 6.6 8.8
Los Angeles-Riverside-

Orange
43 33 3.7 3.9

New York-New Jersey-
Long Island

32 39 2.6 9.4

Philadelphia-Wilmington-
Atlantic City

26 31 2.6 4.8

Sacramento-YOIO,CA 37 51 4.3 31
SanFrancisco-Modesto-

Stockton-Lodi
28 45 3.1 7.1

Washington-Baltimore 41 39 3.3 8.8

21



Table4
AlternativeEmissionsControl Measuresin 2010

May AchieveLimited EmissionsReductionsCost-Effectively

Type of
control

measure

Tax rate Metropolis Other Benefits
(percent reductions)

Traffic Emissions
Delays Carbon VOC NO~

Previously
Implemented?

Annual
Government

Revenue
(millions)

Congestion
pricing

19 ‘t per
mile

LA area 32 9.6 8.1 3.6
Not in U.S.

$7300

$230013’t per
mile

SFBay
area

27 8.3 6.9 3.2

Minimum
singledriver

employee
parkingfees

$1.00
/day

LA area 2.7 1.0 .8 .7
Not in U.S.

$1400

$500SF Bay
area

2.9 1.1 1.0 .9

Gasoline tax $0.50/
gallon

LA area 9.5 9.3 4.1 3.8
Yes

$3700
$1300SF Bay

area
8.5 8.8 3.5 3.3

Mileagefee

mile

LA area 11 5.2 4.2 3.9
NotinU.S.

$3100
$1100SFBay

area
9.0 4.1 3.8 3.6

Source:California EnvironmentalProtectionAgency,Air ResourcesBoard, 1996.Note SFBay arearefers
to theSanFranciscoBay areaandLA arearefersto theLos Angelesarea.
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Appendix

Total costscanbe written as

(1) TC =J() e ‘~MC(r)dr

where B(t) is the baselineemissionsreductions,that is those that would occur in the

absenceof the air quality standards;t is an index for time, R(t) representsthe emissions

reductionsnecessaryto meet the standard;e~t is a factor accountingfor cost declines

relatedto technologicalprogressassumedto occurat annualratep; MC is the marginal

cost of emissionsreductions;andr indexestheamountof reductions.Applying Leibnitz’s

rule implies

(2) £~TC/~Jt = —pTC + e~MC(R)R’ — e~MC(B)B’

Usinggx to denotethegrowthrateofavariablex, (2) implies

~TC I

(3) g~ ~ ~= —p + e~ MC(R)RITC — e~ MC(B)B’/TC

GiventhatR andB rise at constantrates,(3) simplifiesto

TC(R) TC(B

)

(4) g~—p+&~g~ TC TC
where sR and ~B are the elasticitiesof total cost with respectto emissionsreductions

evaluatedat emissionsreductionsR and B respectively,and TC(R) and TC(B) are the

total costsof achievingemissionsreductionsR andB from a baselineof zeroreductions.

Note that emissionsreductionsB and R both grow over time becauseof growth in

emissionsundera laissez-fairepolicy. In fact, if laissez-faireemissionsareL(t), thenB’

R’=L’.

SincegR(RIL)—gB(B/L)=gL, it follows that

=~p~g(eRLTC(R) t~BLTC(B)

)

(5) g~ RTC BTC

Equation(5) is applicableto a costcurve for a single pollutant. Sinceboth NO~

andVOCs contributeto ozone,I develophereananalogousexpressionapplicablewhen

thereare two costcurves.Note that thetotal costofmeetingthe ozonestandardcanbe

expressedasthesumof thecostsofreducingVOCsandNOR:

23



(6) TC=C~ +C~

Differentiatinggives

—— +

or

c~.ocs CNOX
(8) g~ = TC + •~~

2~01 TC

Thus, the growth rate for total costis a weightedaverageofthegrowthratesfor thecost

of attaining the VOC target andthe cost of attainingthe NO~ target, wherethe weights

arethesharesoftotal costattributableto VOCs andNO~respectively.
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